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Abstract 
Ester compounds based on palm oil were synthesized via esterification between oleic acid from palm oil and alcohol 
(1,4-butanediol, iso-butanol, and 2-ethyl hexanol) by using sulphuric acid as a catalyst. The effects of reaction 
parameters on esterification were studied by investigating the temperature, reaction time, and amount of catalyst. 
Conversions of oleic acid to esters were determined. Products obtained were characterized from their acid number, 
iodine number, ester number, density, and viscosity. Functional group analysis was also conducted by using FTIR 
(Fourier-Transformed Infra-Red) and 1H-NMR (Proton-Nuclear Magnetic Resonance) spectroscopy. These esters 
compound were used as secondary plasticizers in polyvinylchloride (PVC). The PVC plastics were formulated using 
the commercial and commonly used plasticizer (DEHP) and the secondary plasticizers based on palm oil 
components. The addition effects of secondary plasticizers on PVC plastics were analyzed by measuring modulus 
elasticity and elongation of the plastics. Isobutyloleate can substitute DEHP as much as 80% of the total plasticizer. 
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1.  Introduction 
Polyvinylchloride (PVC) is widely used in human life in its flexible form. It is used for food 
packaging, food wraps, drink bottles, infusion bags, dialysis bags, blood bags, a wide variety of tubing 
systems, secretion bags, urine bags, gloves, oxygen tents, contact lenses, blister packs for drugs, and 
children toys [1]. In most of these application sectors, PVC has a share of 70-90% of the total market. 
Plasticizers are usually added to PVC in order to make it flexible enough to make items such as toys, 
flexible packaging and blood bags. The problem is that commercial plasticizer like di(2-
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ethylhexyl)phthalate (DEHP) can leach out from PVC into blood, certain drug solutions and fatty foods, 
and it has been detected in the bloodstream of patients undergoing transfusion. DEHP is known to cause 
liver cancer, at least in laboratory rats. The threat it poses to human health is a matter of debate [2-4]. 
The properties of a plasticized polymeric material resulted from the interaction between the polymer 
and the plasticizer is comparable to glassy polymers at room temperature which have a high modulus, or 
stiffness. In the production of children’s plastic toys the polymer is blended with a plasticizer to reduce 
glass transition temperature and to improve its thermal stability. We consider that by lowering the glass 
transition temperature, the modulus of the polymer would be reduced. The glass transition temperature for 
PVC is 85 qC. At lower temperature the glassy plateau region (high modulus) becomes rubbery (low 
modulus) when percentage of plasticizer in the polymer increases [5,6]. 
Malaysia and Indonesia have emerged as major producers of palm oil. Indonesia became the greatest 
palm oil producer country (15 billion tons) since 2007 [7]. The price of palm oil is still low if it is sold as 
crude palm oil (CPO). One way to increase the added value of palm oil is by producing derivative 
products, such as some specialty chemicals. Among specialty chemicals that can be produced from palm 
oil are plasticizers. Palm oil derived plasticizers have some attractive properties such as non-toxic, bio-
degradable, good heat and light stability, renewable, and environmentally friendly [8]. The aim of this 
study was to develop ester compounds as non-toxic plasticizers, which were derived from palm oil 
through esterification process. The chemical structures of esters were selected based on similar structure 
of esters found in the commercially available plasticizers, phthalate and adipate esters. The study includes 
optimization of esterification conditions for each ester synthesized, characterization of the esters, and the 
effects of addition of these esters in PVC resin formulation on the polymer properties (modulus of 
elasticity and elongation at break). 
2.  Experiment 
2.1. Materials 
Oleic acid, 1,4-butanediol, isobutyl alcohol and 2-ethyl hexanol were analytical grade from Merck. 
DEHP was obtained from PT SD Plasindo, Jakarta, while polyvinyl chloride resin was obtained from 
Asahimas Chemical, Jakarta. 
2.2. Synthesis of plasticizers 
In this research, one type of diester plasticizer (1,4-butanediol dioleate) and two types of branch chain 
plasticizers (isobutyl oleate and 2-ethyl hexyl oleate) were synthesized. These plasticizers were selected 
since their chemical structures have similarities with chemical structures of commercial phthalate and 
adipate plasticizers. Oleic acid was placed in a three-necked flask equipped with a thermometer, drop 
funnel and magnetic stirrer.  
Table 1. Reaction conditions of esterification of 1,4-butanediol dioleate, isobutyl oleate, and 2-ethylhexyl oleate 
No. Alcohols Ester synthesized 
Reaction parameters 
Mole comparison*)  Catalyst (%) Temperature (qC) Time (min) 
1. 1,4-butanediol 1,4-butanediol dioleate 2:1 0.05, 0.1 1.0 100, 120, 140 30, 60, 120 
2. Isobutyl alcohol Isobutyl oleate 1:2, 1:3, 1:4 0.1, 0.5, 1.0 100, 110 30, 60, 90, 120, 180, 240
3. 2-ethyl hexanol 2-ethylhexyl oleate 1:1, 1:2, 1:3 0.1, 0.5, 1,0  160, 180  240 
*) Oleic acid : Alcohol 
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Oleic acid was stirred and heated at certain temperatures, depends on the boiling point of alcohols 
used. After those temperatures were reached, mixtures of alcohol and concentrated sulfuric acid were 
added slowly. The reaction was then carried out for certain time. The solution obtained was placed into a 
separator funnel and then washed with 30% sodium chloride solution until pH 7 was reached. The organic 
solution was separated from water phase and then it was added with sodium sulfate to draw water residue 
and was evaporated.  Conversion of oleic acid was determined by subtracting acid number of oleic acid 
by acid number of products, then, it was divided by acid number of oleic acid, and multiplied by 100%.  
Detailed of esterification conditions for each ester synthesis was presented in Table 1.  
2.3. Characterization of plasticizers 
The obtained plasticizers were characterized by measuring their acid number (Indonesian National 
Standard/SNI 01-355-1998), iodine number (Wijs Solution Method, SNI 01-2902-1992), ester number 
(SNI 01-355-1998), density (picnometer), and viscosity (Oswald viscometer). The esters were also 
characterized by analyzing their functional groups using FTIR  (IR Prestige-21 SHIMADZU) and their 
proton peaks using 1H NMR (JEOL 500 Spectrometer). 
2.4. Plasticization of PVC resin by palm oil based ester plasticizers as substitute of DEHP 
Plasticization of PVC by palm oil based ester plasticizers (1,4-butanedioldioleate, isobutyl oleate and 
2-ethyl hexyl oleate) was conducted using solvent–cast film method. The palm oil based plasticizers were 
added as substitute of DEHP at the level of 20, 40, 60, and 80% of total plasticizers used. The chemical 
compositions in formulation of PVC resin are shown in Table 2. The plasticizers (mixture of DEHP and 
palm oil based ester plasticizer) and PVC resin (added with zinc stearate and stearic acid) were dissolved 
in 30 mL of tetrahydrofuran (THF) at 40 °C. Further, the solution was casted into a film, and then it was 
kept for 12 h and stored in vacuum oven for 24 h at 40°C before it was measured for their modulus of 
elasticity and elongation at break using Universal Testing Machine, Orientec Co. Ltd, Model UCT-5T. 
Table 2.  Chemical compositions in the formulation of PVC resins 
Components Amount (g) 
Plasticizer 1.35 (60 phr) 
PVC 2.25 
Zn-stearate 0.0450 (2 phr) 
Stearic acid 0.0068 (0.3 phr) 
TOTAL 3.65 
phr = per hundred resin 
3.  Results and Discussion 
3.1. Optimization of esters synthesis 
The three plasticizers, 1,4-butanediol dioleate, isobutyl oleate, and 2-ethyl hexyl oleate, were 
synthesized via Fisher esterification between oleic acid and alcohols, 1,4-butanediol, isobutyl alcohol and 
2-ethylhexanol, respectively, by using sulphuric acid as catalyst.  
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Optimization of 1,4-butanediol dioleate synthesis. Conversion of oleic acid to ester compounds 
resulted from the esterification at several experiment conditions was ranged from 22.90% to 79.06%. 
Table 3 showed that process conducted at 120 qC gave higher conversion than those at 100 and 140°C, 
and using 0.1% catalyst also gave higher conversion than those of 0.05 and 1%. In all cases, longer 
reaction time provided higher conversion of oleic acid to ester. The highest yield of conversion of diester 
was obtained at 0.1% catalyst amount. Addition of excess amount of sulfuric cid catalyst may oxidize the 
product, and decrease the conversion yield. Reaction yield increased as an increasing of reaction 
temperature, because the reaction occurs in a faster rate as indicate in the Arrhenius law [9]. 
Table 3. Conversion (%) of oleic acid to 1,4-butanediol dioleate 
Temperature 
(°C) 
Time (min) 
Conversion (%) 
Catalyst 0.05% Catalyst 0.1% Catalyst 1% 
100 
30 28.61 22.90 25.80 
60 34.89 40.33 41.13 
120 52.51 59.72 52.48 
120 
30 28.95 68.21 44.41 
60 54.67 77.04 49.64 
120 70.63 78.87 51.92 
140 
30 32.05 52.89 45.61 
60 58.42 69.80 45.81 
120 76.78 79.06 42.48 
Optimization of isobutyl oleate synthesis. The optimization of isobutyl oleate was conducted in three 
steps, which were optimization of temperature, mole comparison between oleic acid and isobutyl alcohol, 
and amount of catalyst. 
 
Fig. 1. (a). Conversion of oleic acid to isobutyl oleate at mol comparison between oleic acid : isobutyl alcohol 1:2, 1% catalyst,  at 
100 °C (Ŷ) and 110 °C (Ÿ). (b). Conversion of oleic acid to isobutyl oleate with mole ratio between oleic acid and isobutyl alcohol 
1:2 (Ÿ), 1:3 (Ŷ), 1:4 (Ɣ), with 1% catalyst at 110°C. 
The effect of temperature on the conversion of oleic acid in the esterification between oleic acid and 
isobutyl alcohol was showed in Figure 1. Conversion of oleic acid increased with increasing reaction 
time. It means that carboxyl group of oleic acid was converted into ester group during the reaction. The 
maximum conversion of oleic acid to isobutyl oleate (95.53%) was reached when the reaction was carried 
out at 110 °C for 30 min.  After 30 min the conversion did not increase. This indicated that there was no 
further conversion of oleic acid to isobutyl oleate after 30 min of reaction. However, when the reaction 
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was carried out at 100 °C the reaction became stabile after 1 hour with conversion value of 93.11%. This 
data showed that increasing reaction temperature will accelerate the reaction to reach the equilibrium. 
This condition corresponds with Arrhenius Law, which is means that the reaction occurs in a faster rate 
[9]. Study on the effect of mole ratio between oleic acid and isobutyl alcohol on the conversion of oleic 
acid was conducted at 110 ºC and 1% of catalyst. The effect of mole ratio between oleic acid and isobutyl 
alcohol was studied because the equilibrium in the Fisher esterification might be influenced by employing 
excess of one reactant [10].  
Table 4. Effects of catalyst on conversion (%) of oleic acid to 2-ethylhexyloleate after 4 h reaction 
Catalyst (%) Conversion (%) 
Reaction at 160 qC Reaction at 180 qC 
0.1 61.83 73.66 
0.5 91.11 93.57 
1.0 94.86 92.65 
Optimization of 2-ethyl hexyl oleate synthesis. The optimization of 2-ethyl hexyl oleate synthesis was 
conducted in two steps, those were optimization of temperature and amount of catalyst. The highest 
conversion was achieved when the esterification was conducted at 160 °C and 1% catalyst.  However, 
esterification conducted at 180 °C also gave high conversion of oleic acid (above 92%), which did not 
differ significantly from that obtained from esterification at 160 °C. The amount of catalyst affected the 
conversion of oleic acid to 2-ethyl hexyl oleate, as can be seen in Table 4. The addition of 0.5% catalyst 
gave a great increase in the degree of conversion compared to that of 0.1% catalyst. The addition of 1.0% 
catalyst increased conversion when the reaction was carried out at 160 °C. On contrary, when the reaction 
was carried out at 180 °C, an addition of more catalyst until 1.0% decreased the conversion of oleic acid. 
High temperature of 180 °C may decompose sulfuric acid catalyst. Therefore, it can be concluded that 
esterification of 2-ethyl hexyl oleate was best carried out at 160 qC for 4 h, with 1.0% catalyst. 
Table 5. Characterization of reaction products 
Products FTIR Shift 1H-NMR 
1,4-butandiol dioleate 
C=O absorption shifting from 1709cm -1 to 
1739 cm-1 
(-COOH Æ -COOC-) 
2.26 ppm (R-COO-CH2-C2H4-CH2-OOC-) 
Isobutyl oleate 3.83 ppm (R-COO-CH2- 
2-ethyl hexyl oleate 
2.26 ppm (-CH2-COO-R) 
3.96 ppm (R-COO-CH2-C2H4-CH2-OOC-R) 
3.2. Characteristics of the esters synthesized 
Table 5 showed the results of qualitative analysis of the three esters synthesized in this work. FTIR 
data shows that there was shifting of C=O absorption band from 1709 cm-1 to 1739 cm-1 (Figure 2). These 
results indicated that functional group of –COOH has been converted into –COOC- at the three esters 
products. The appearance of new signals at 1H -NMR of each product and the disappearances of signals 
attributed to original oleic acid (11 ppm of RCOOH) indicated that each product have been successfully 
synthesized (Figure 3). Table 6 showed the results of quantitative analysis of the three esters synthesized. 
Acid number of 1,4-butanediol dioleate was very much higher than those of isobutyl oleate and 2-ethyl 
hexyl oleate. This suggested that there was still significant amount of oleic acid, which was not converted 
to 1,4 butanediol dioleate.  Analysis of iodine number showed that the 1,4 butanediol dioleate had more 
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double bonds than did the other two esters, and the least number of double bonds was observed in 2-ethyl 
hexyl oleate. This was due to the high reaction temperature used to produce 2-ethyl exyl oleate which 
caused the breaking of double bonds. The highest ester number was observed in isobutyl oleate, while 
those of 1,4-butanediol dioleate and 2-ethyl hexyl oleate were almost the same. This suggested that there 
were more ester linkages formed in isobutyl oleate than those in the other two esters. Densities of the 
three esters were the same, while their viscosities were different. The highest viscosity was observed in 
1,4-butanediol doleate, and the lowest was in isobutyloleate. 
 
Fig. 2  FTIR spectra of esters product. 
3.3. Properties of PVC resin plasticized with palm oil based plasticizers 
Properties of PVC resin due to the addition of palm oil based plasticizers was conducted by 
analyzing modulus of elasticity and elongation at break of the plastic. Modulus of elasticity is a tendency 
of substance to be transformed when strength applied to the resin. The modulus of elasticity will decrease 
if plasticizer content increases. The modulus of elasticity was still kept lower when the percentage of 1,4-
butandioldioleate addition was in the range of 0-40% (Figure 4). This means that 1,4-butanediol dioleate 
still gave good plasticization effect in that range.  However, when isobutyl oleate was used as secondary 
plasticizer, the modulus of elasticity remained low, even when 80% of isobutyl oleate was used to replace 
DEHP [11]. 
Table 6. Chemical Characteristics of Esters Product 
Parameters 1,4-butandiol dioleate isobutyl oleate 2-ethyl hexyl oleate 
Acid number (mg KOH/g sample) 40.74 1.36 0.53 
Iodine number (mg I2/g sample) 130.55 109.70 75.5 
Ester number (mg HCl/g sample) 127.16 146.60 124.29 
Density (g/ml) 0.91 0.91 0.92 
Viscosity  (cP) 29.43 7.92 16.41 
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Fig. 3. 1H NMR spectra of esters product. 
Elongation at break is the quality of being elongated. In general, elongation increased when the resin 
was added with appropriate plasticizer. The elongation value remained high when isobutyl oleate or 2-
ethyl hexyl oleate was added in the resin formulation at the percentage of 20-80% (Figure 4).  However it 
decreased when 1,4 butanediol dioleate was added.  These data corresponded with modulus of elasticity. 
According to both data, isobutyl oleate was the best ester to substitute DEHP.  It can be used as much as 
80% of the total plasticizer.  
 
Fig. 4. (a). Modulus elasticity PVC with palm oil derived plasticizer (Ŷ=1,4-butandiol dioleate, Ÿ=Isobutyl oleate,). (b). Elongation 
PVC with plasticizer (Ÿ=2-ethyl hexyl oleate, Ƈ =1,4-butandiol dioleate, Ŷ =Isobutyl oleate) 
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As defined by ASTM, a plasticizer is a substance incorporated into a plastic or elastomer to increase 
its flexibility, workability or distensibility [12]. The properties of a polymeric material are influenced by 
plasticizers, because plasticizers can change interactions among polymer chains in the plastic material. 
There are four theories that describe the effects of plasticizers: Lubricity, Gel, Free Volume and 
Mechanistic Theory [13-15]. However, in the production of children’s plastic toys for example, the 
polymer is blended with a plasticizer to reduce glass transition temperature and to improve its thermal 
stability. By lowering the glass transition temperature the modulus of the polymer would be reduced. The 
glass transition temperature for PVC is 85 ºC. At lower temperature the glassy plateau region (high 
modulus) becomes rubbery (low modulus) when percentage of plasticizer in the polymer increases [16, 
6]. 
 
Fig. 5. Chemical structures of plasticizer molecules with their polar groups (solid lines circle) and chains (dash line circle) (a), 
illustration of polar groups’ interactions between plasticizer molecules and the polymers (b). 
Figure 5 shows the polar groups and the chains of plasticizer molecules and their interactions with 
polar group of PVC. The DEHP has two polar groups that could interact with polar group of PVC. Thus, 
it is expected that its interactions with PVC are getting stronger. Molecule of 1.4-butandiol dioleate has 
the same number of polar groups as that of DEHP, therefore it is expected could replace DEHP. However, 
the analysis of plastic properties that plasticized using 1,4-butandiol dioleate and isobutyl oleate did not 
show as it was predicted. The two plasticizers can replace DEHP up to 20% and 80%, for 1,4-butandiol 
dioleate and isobutyl oleate respectively. The two esters have the same alkenes chain with one double 
bond, but different number of polar groups, isobutyl oleate has only one polar group, while 1,4-butanediol 
dioleate has two polar groups. Thus, it is suggested that there are other factors that affect the plastic 
properties due to the use of these plasticizers. The 2-ethyl hexyl oleate also can replace DEHP in the ratio 
the same as that of isobutyl oleate, and they have the same number of polar groups. Interestingly, they 
also have shorter alkenes chain than does 1,4-butanediol dioleate, but almost the same chain length as the 
DEHP. These factors could be the determinant for the effectiveness of plasticizers in PVC. Long alkenes 
chain may interrupt the interactions or it may cause a too large free volume provided, so that it inhibits in 
reaching the good performance of PVC plastics. 
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4.  Conclusion 
Palm oil based ester compounds could be synthesized via esterification between oleic acid from palm 
oil and alcohols (1,4-butanediol, isobutanol, and 2-ethyl hexanol) using sulfuric acid as a catalyst. Of the 
three esters synthesized, isobutyl oleate was the best ester to substitute DEHP.  It can be used as much as 
80% of the total plasticizer.  
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